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Background: Culminating with the 
events of September 11, 2001, U.S. civilian 
and military populations are vulnerable to 
terrorist attacks. Information about the 
patterns of injuries and their causes in- 
form disaster management planning and 
can improve structural and architectural 
design. This report documents the injuries 
following an estimated 20K bomb at the 
Khobar Towers military compound in 
Dhahran, Saudi Arabia. 

Methods: US Air Force personnel in 
the compound at the time of the bombing 
were evaluated. Data were collected 
through a mail survey, and a review of 
military medical records and autopsy re- 
ports. Outcome measures included injury 


types, treatment status, severity, and 
causes of injuries. 

Results: The study identified 574 
persons who were injured in the bombing; 
19 persons died. A total of 420 (73%) per- 
sons were injured directly in the blast and 
154 (27%) persons were injured during 
evacuation, search and rescue, during 
cleanup, or sustained only auditory or in- 
halation trauma. Sixteen percent of survi- 
vors injured directly in the blast were hos- 
pitalized; 6% were critical. Soft tissue and 
foreign body injuries of the lower extrem- 
ities were the most common injuries 
among survivors, most often caused by 
glass. Persons who died suffered extensive, 
multiple injuries from blunt trauma and 


Conclusions: Ail deaths were imme- 
diate and the majority of survivors suf- 
fered minor to moderate injuries. Injuries 
and deaths were consistent with extensive 
glass damage in the compound and frag- 
mentation of building concrete. Improved 
building designs and retrofits such as 
blast-resistant glass and prevention of 
structural collapse or building fragmenta- 
tion should be considered in building de- 
sign and construction in high threat areas. 

Keywords: Bombing, Bombing inju- 
ries, Blast injuries, Terrorist attack, OK 
City bombing, Khobar Towers bombing, 
Military injuries, Glass injuries, Building 
collapse, Protective building design, Blast 
mitigation. 


one death was caused by glass. 


ombings and terrorist attacks are an increasing concern 

in the United States (U.S.) and U.S. interests abroad. In 

the U.S. alone, from 1988-1997, the number of actual 
and attempted bombings increased by 127%. A total of 
17,579 actual explosive and incendiary incidents claimed the 
lives of 427 persons, injured 4,063 persons, and resulted in 
$680 million in property damage during this time period.’ In 
1993, the bombing of the World Trade Center resulted in six 
deaths and over 1000 injured.” Until the September 11, 2001 
terrorist attacks on the World Trade Center and the Pentagon, 
the April 19, 1995 bombing of the Alfred P. Murrah Federal 
Building in Oklahoma City, was the most severe terrorist 
incident on U.S. soil, resulting in 168 deaths and injuring 759 
persons.* On July 27, 1996, a bomb was detonated at the 
Centennial Olympic Games in Atlanta resulting in two deaths 
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and injuring 109 persons.* Additionally, terrorist attacks have 
continued against U.S. interests abroad, especially federal 
civilian and military personnel. The August 7, 1998 U.S. 
Embassy bombing in Nairobi, Kenya killed 212 people (in- 
cluding 12 Americans and 31 Foreign Service Nationals) and 
injured an estimated 4,650 persons.° Almost simultaneously 
another bomb exploded at the U.S. Embassy in Dar es Sa- 
laam, Tanzania resulting in 11 deaths and injuring 72 
persons.° On October 12, 2000 the U.S. Navy ship, the USS 
Cole, was bombed while refueling off the coast of Aden, 
Yemen, resulting in 17 deaths and injuring 39 persons.’ 

On June 25, 1996, at 9:53 pm, a terrorist truck bomb was 
detonated approximately 80 feet from the Khobar Towers 
military compound in Dhahran, Kingdom of Saudi Arabia. 
The Khobar Towers provided billeting and office space for 
U.S. Air Force, U.S. Army, and coalition forces sent to the 
region to enforce the no-fly zone following the Persian Gulf 
War. The compound contained 42 multi-storied buildings 
(Fig. 1). Just before the bombing, enhancements of the secu- 
rity posture amid terrorist threats had led to construction of 
fences and security checkpoints that restricted access to in- 
ternal areas with the highest concentration of troops. Only 
minutes before the explosion occurred, security sentries on 
the buildings had been alerted and evacuation of the closest 
buildings had begun. Based on analyses of structural damage, 
glass breakage, and the crater, the explosive was estimated at 
20,000 pounds of TNT (trinitrotoluene) equivalents in a 
tanker truck filled with raw sewage.® (TNT equivalent is a 
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Fig. 1. Khobar Towers compound, Dhahran, Saudi Arabia, 1996. 


method to compare explosive energy from different materials 
back to a standard of TNT). Immediately following the ex- 
plosion, self-aid and buddy care were initiated at all sites 
where persons were injured. Triage and patient care were set 
up in the compound and patients were treated at Air Force 
and Army clinics, and local Saudi hospitals. 

The injury investigation methods used by the Oklahoma 
State Department of Health following the 1995 Alfred P. 
Murrah Federal Building bombing* were used to assess the 
magnitude and epidemiology of physical injuries and fatali- 
ties resulting from the Khobar Towers bombing. Addition- 
ally, similar data elements, case definitions, and a standard- 
ized database were developed so that data gathered from 
persons exposed to these two bombings would be compatible. 
Institutional Review Board (IRB) applications submitted to 
the Oklahoma State Department of Health and the Brooks Air 
Force Base IRBs were granted approval from both Boards on 
November 3, 1998. 


METHODS 


While an accurate registry of all persons exposed to 
the bombing did not exist, the names of persons reported to 
be living in the Khobar Towers at the time of the bombing 
were identified from three U.S. Air Force sources of per- 
sonnel information including 1) a building room assign- 
ment file, 2) personnel assignment file, and 3) a file of 
persons killed or injured. A self-administered mail survey 
was developed from instruments previously developed for 
use in two Oklahoma City bombing studies.*? A final draft 
of the survey was pilot tested among Oklahoma City 
bombing survivors. 

Survey packets including cover letters from General Mi- 
chael Ryan, Air Force Chief of Staff, and Jerry Nida, MD, 
OK Commissioner of Health, the self-administered survey, 
maps, and a postage-paid return envelope were mailed to 
persons with a known address (n = 2372) in April 1999. 
Second and third mailings were sent to persons who had not 
responded to a prior mailing in July (n = 1919) and October 
(n = 1484) 1999. A total of 238 surveys were returned by the 
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Post Office because the addresses were not correct/current 
and were lost to follow-up. The survey instrument included: 
1) patient injury and treatment status and the number, types, 
anatomic regions, and causes of injuries; 2) environmental 
and entrapment factors; 3) location, position, and orientation 
at the moment of the blast; 4) narratives; and 5) optional 
personal identifiers such as name, address, telephone number, 
and date of birth. Defense Threat Reduction Agency (DTRA) 
maps of the compound and AutoCAD'° drawings of the three 
basic building floor plans were included in the survey. Re- 
spondents were asked to mark their location when the bomb 
exploded on a map of the compound, and if located inside a 
building, to indicate their exact location on a building floor 
plan. 

Survey respondents who were inside the buildings where 
deaths occurred were interviewed by telephone to determine 
the last known locations of persons who died, and, when 
possible, plot the locations on building floor plans. The ap- 
proximate locations of 17 (89%) persons who died were 
determined through these interviews. 

Military medical records and autopsy reports were ob- 
tained by the Air Force Medical Operations Agency at 
Brooks Air Force Base, San Antonio, TX. Medical records 
were reviewed for 80% of inpatients and 10% of persons 
treated and released in an emergency department; and mili- 
tary autopsy reports were reviewed for all 19 persons who 
died in the bombing. Data abstracted included the types of 
injuries sustained, anatomic site of injury, treatment and/or 
description of injury, causes and how the injury occurred, and 
the building where the injured person was located at the time 
of the blast. 

Air Force personnel identified by the survey, or by med- 
ical records/autopsy review were included in the study. Only 
personnel who were inside the compound (in buildings or 
outdoors) at the time of the bombing were included. Person- 
nel who were residing in the compound but not present in the 
compound at the time of the bombing were excluded. Data 
were entered in a Microsoft Access'! database. Frequency 
distributions and summary statistics were generated using 
Microsoft Access, Microsoft Excel,!? and Epi Info.!? The 
Pearson’s x test was used to detect statistical significance for 
proportions.'* Associations between the types of injuries sus- 
tained and medical treatment status were tested using pair- 
wise comparisons across medical treatment categories. Injury 
Severity Scores (ISS) were calculated by summing the 
squares of the highest Abbreviated Injury Scale (AIS) scores 
from three AIS body regions.'® ISS scores greater than 15 
were classified as critical injuries and the critical mortality 
rate was defined as the death rate among the critically 
injured.'° 


RESULTS 


Confidential mail surveys were received from 1,198 
(56%) persons. Of those, 65% (784/1198) were present in the 
compound at the time of the bombing and 35% (414/1198) 
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were not present. Forty-four percent (936/2134) of persons 
did not respond to the survey. Eighty-nine percent of respon- 
dents were male and the mean age of respondents was 32 
years (SD = 5.9, range 21-52). Eighty percent of respondents 
were white, 10% were black, 1% Native American, 1% 
Asian, and 5% other races; race was not specified for 3% of 
persons. 

A total of 574 (69%) persons were identified who had 
been injured in the bombing, including 19 persons who died, 
522 persons who completed the survey, and 33 persons for 
whom data were collected from medical records only. An- 
other 262 persons responding to the survey reported they had 
not been injured. Fifty-two percent (288/555) of injured sur- 
vivors were injured directly by the blast, 20% (113/555) were 
injured both in the blast and during evacuation, 11% (60/555) 
were injured during evacuation only, and 4%(24/555) were 
injured indirectly, during search and rescue, or cleanup. 
Eleven percent (61/555) of survivors reported only auditory 
problems (including ringing in ears, permanent or temporary 
hearing loss, and dizziness) and/or smoke or dust inhalation. 
The mechanism of injury was not specified for nine 
respondents. 


Injuries During Evacuation 

Of the 60 persons injured only during evacuation, one 
person was hospitalized overnight, 6 persons were treated in 
outpatient clinics, and 53 persons did not receive medical 
treatment for their injuries. The most common types of inju- 
ries were soft tissue injuries (includes lacerations, abrasions, 
and contusions (51 persons)). Two-thirds (n = 40) of persons 
had lacerations and/or foreign body injuries of the feet. 
Nearly all (93%) of the injuries to the feet were caused by 
glass. The one person who was hospitalized overnight sus- 
tained multiple lacerations of the hands and knees while 
extricating himself from under debris that was blown in. 


Indirect Injuries 

Of the 24 persons injured during search and rescue or 
cleanup, 21 sustained soft tissue injuries, three persons had 
foreign body injuries, two persons had strains or sprains, one 
person had an eye injury, and one person had a concussion. 
About one-half (47%) of the injuries were caused by glass. 
Other causes of injury were lifting or carrying people (13%), 
equipment and furniture (6%), debris (6%), and other causes 
(28%). One person was hospitalized overnight after falling 
and sustaining a concussion, one person was treated and 
released in an emergency department after sustaining an eye 
injury while pulling glass from windows, three persons were 
treated in outpatient clinics, and 19 persons did not receive 
medical treatment for their injuries. 

The subsequent analyses will be limited to 420 persons 
who were injured or died directly from the blast including 
288 persons injured in the blast, and 113 persons injured in 
the blast and during evacuation. 
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Table 1 Type of Non-Fatal Injuries by Treatment 
Status 


Injury Hospitalized Outpatients Self Treated 
(n=66) (n=171) (n=164) 

Soft tissue” 64 (97%)  165(97%) 151 (92) 
Foreign bodies 37 (55%) 98 (57%) 60 (87%) 
Severe lacerations * 29 (43%) 7 (4%) _— 
Eyet 19 (28%) 7(4%) 1(<1%) 
Braint 12 (18%) 8 (6%) 5 (3%) 
Fractures and dislocations' 10 (15%) 5 (3%) 2 (<1%) 
Strain or sprain 10 (15%) 22 (13%) 22 (13%) 


‘Includes lacerations, abrasions, contusions, and punctures. 

“Includes laceration of nerves, tendons, ligaments, vessels, or 
muscles; and avulsions. 

tSignificantly higher rates among hospitalized than outpatients. 


Direct Injuries 

Of the 420 persons injured directly by the bombing, 19 
(5%) died at the scene and 66 (16%) were hospitalized; 171 
(41%) were treated on an outpatient basis in an emergency 
department, outpatient clinic, or on-site triage; and 164 (39%) 
self-treated. Length of stay (LOS) was determined for 54 
hospitalized patients, mean = 6.1 days, range = 1-52 days. 
A total of 2,065 injuries were documented among the 401 
injured survivors (range 1—25 injuries per person). The aver- 
age number of injuries among hospitalized persons (n = 9) 
was almost twice that for outpatients (n = 5), and three times 
higher than persons who self-treated (n = 3). A total of 381 
injuries were documented in autopsy reports of the 19 persons 
who died (range 10-50 injuries; average 20 injuries). 


Non-Fatal Injuries 

Among all survivors, soft tissue injuries were the most 
common type of injury (95% of injured persons). Addition- 
ally, almost half of all survivors (49%) had foreign body 
injuries (foreign objects/debris, primarily glass, embedded in 
the body). The proportions of hospitalized persons, outpa- 
tients, and self-treated persons treated for soft tissue injury, 
foreign bodies, and sprains and strains were similar (Table 1). 
The proportion of injuries among hospitalized persons was 
significantly higher than outpatients for severe lacerations 
(p < 0.0001), eye injuries (p < 0.0001), brain injuries 
(p = 0.001), and fractures and dislocations (p = 0.0006). 

Thirty-six persons (including 29 hospitalized persons) 
were treated for severe lacerations including severed tendons 
(15), nerves (5), arteries or veins (3), and ligaments (2); deep 
and/or complex lacerations to muscle (11); and partial ear 
amputations/avulsions (2). Twenty-seven persons (including 
19 hospitalized persons) were treated for injuries to one or 
both eyes including one ruptured globe. Seventeen persons 
(including 10 hospitalized persons) were treated for one or 
more fractures/dislocations including 11 upper extremity, 3 
lower extremity, 3 facial, 3 rib, and 2 vertebral fractures/ 
dislocations. One person was treated for pulmonary injury 
(hemothorax) and two persons were treated for internal organ 
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Head/Neck/Face 
65% Soft Tissue 
17% Foreign body 
7% Eye 

6% Brain 

3% Orthopedic 
1% Dental 
1% Avulsion 


«<— 1% "| Back/Flank 
68% Soft tissue 
19% Orthopedic 
14% Foreign body 
. 


Upper Extremities 
78% Soft Tissue 

17% Foreign body 
5% Orthopedic 


Thorax 
65% Soft tissue 

26% Foreign body 
9% Orthopedic 


Abdomen/Pelvis 
74% Soft Tissue 
13% Foreign body 
6% Orthopedic 

6% Organ 


Lower Extremities 
75% Soft tissue 

23% Foreign body 
3% Orthopedic 


*Includes 2065 injuries among 401 survivors. Region not specified for 2% of injuries. 


Fig. 2. Types of injuries by anatomic region. 


damage (kidney and liver hematomas and contusions). Two 
hospitalized patients suffered severe brain injuries (one open 
depressed skull fracture with subdural hematoma with mid- 
line shift and mass effects; and one diffuse axonal injury with 
decerebrate posturing and coma), 10 hospitalized patients and 
8 outpatients suffered concussions/closed head injuries, and 5 
persons who self-treated reported head trauma with concus- 
sion. Among hospitalized patients, the mean Injury Severity 
Score (ISS) was 6 (SD = 5.15, range 1-30). Four (6%) 
hospitalized patients had critical injuries ISS >15), and 94% 
(62) had an ISS of 15 or less. Among the four patients with 
critical injuries, the mean ISS was 23 (SD = 5.03, range 
18-30). 

Eighty-seven percent of all injuries were to the extrem- 
ities (65%), or the head, neck, and face (22%). The back, 
thorax, and abdominal/pelvic region sustained 11% of all 
injuries (Fig. 2). For each injury, respondents reported the 
type of injury, anatomic site, treatment or severity, and cause. 
The cause of injury was reported for 85% of non-fatal inju- 
ries. Almost all (88%) persons reported that glass caused one 
or more of their injuries. Additionally, glass was cited as the 
cause in 60% of the individual injuries documented (Table 2). 
The sources of glass most commonly reported were windows 
(43%), patio doors (12%), windows and/or doors (2%), other 
sources (<1%), and unspecified sources (42%). Forty-one 
percent (9/22) of fractures and dislocations and 52% (33/64) 
of sprains and strains were caused by being pushed or thrown 
by the blast. 
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Table 2 Causes of Non-Fatal Injuries 


Cause Number Percent 
Glass 1241 60 
Whole body translation (pushed/blown by the blast) 193 9 
Sound/pressure 97 5 
Debris 64 3 
Smoke/dust 47 2 
Doors/wall 35 2 
Furniture/equipment 17 1 
Fall 5 <1 
Other 60 3 
Unknown/not specified 306 15 
Total 2065 100 


Fatal Injuries 

Among most deaths, multiple injuries were present and 
the cause of death was recorded as “blast injuries.” All 
persons who died had extensive soft tissue injuries including 
penetrating lacerations and foreign body injuries, accounting 
for 61% of all injuries. One person died as a result of pene- 
trating lacerations of the heart due to glass shards. Seventeen 
(89%) fatally injured persons suffered multiple, severe brain 
trauma including avulsions (4), brain hemorrhages, subdural 
hematomas, and/or subarachnoid hemorrhages (10), and skull 
fractures (11). Seventeen (89%) persons suffered 61 frac- 
tures. Over half of the fractures among fatally injured persons 
were to the extremities (20 upper extremity and 11 lower 
extremity fractures), followed by the face (15), thorax (12), 
neck (2), and pelvis (1). Fourteen (74%) persons suffered 
multiple organ systems injuries including injuries to abdom- 
inal organs (18), pulmonary (14), heart and arteries (8), and 
kidneys (5). Eight (42%) persons suffered amputation, avul- 
sion, or transection. The body site of the likely fatal injury 
was head (11), thorax (6), and both (2); the likely cause was 
blunt (10), penetrating glass (5), and both (4). All deaths were 
immediate (at the scene). Among fatally injured persons, the 
mean ISS was 61 (SD = 16.22, range 27-75). 


Locations of Injuries and Deaths 

The exact locations of respondents at the moment of the 
blast were plotted on maps and floor plans that were included 
in the mail survey. Surveys were received back from persons 
that had been residing in all but five of the 42 buildings of the 
compound. Ninety-six percent (384) of persons who were 
injured and all persons who died were located inside a build- 
ing or on a balcony; 14 survivors were outdoors and 3 were 
inside vehicles at the time of the blast. Persons were hospi- 
talized from 15 buildings in the compound at various dis- 
tances from the blast; 61% of all persons who were hospital- 
ized were within approximately 500 feet of the blast and 92% 
were within approximately 1000 feet of the blast (Fig. 3). 

Building 131 received the direct impact of the blast and 
sustained extensive structural damage including fragmenta- 
tion of the concrete facade. Eighteen persons died inside 
building 131. Twelve persons (67%) who died were located 
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(njured/Number of Respondents: 
Number Hospitalized 


Number Died 


Outdoors 


(14452) 
In Vehicles 
(3/18) 


“Includes 757 

people in 

uildings or 

on balconies. co 

Locations 

soem | oC) (1 ae 

9 peopie. —— 
Fig. 3. Locations of injured, hospitalized, and deaths. 


on the ground (1), first (8), and second (3) floors of the 
building, one person died on the third floor, two persons on 
the 5th floor, two persons on the sixth floor, and one person 
on the 7th floor. Building 133 was two to three times the 
distance from the blast and also sustained structural damage, 
though less extensive. One person died on the fourth floor of 
building 133 as a result of glass shards. 


DISCUSSION 


Terrorist bombings are characterized by physical bomb 
damage, deaths, and injuries. Assessments of the number, 
types, and severity of injuries, and contributing factors, is as 
important as physical bomb damage assessments in under- 
standing how to prevent and minimize injury and death, and 
prepare for future events. All deaths resulting from the Kho- 
bar Towers bombing were immediate deaths. This pattern of 
death is similar to other bombings reported in the literature 
including the bombing of the Murrah federal building in 
Oklahoma City and the bombing of the Marine barracks in 
Beirut, Lebanon where 97% of the deaths were 
immediate.*'°'!’ Thus, the critical mortality rate (mortality 
rate of critically injured survivors)'® for the Khobar Towers 
was zero compared with 16% in the Murrah bombing and 
37% in the Beirut bombing.'°~'* Additionally, the proportion 
of hospitalized persons who were critically injured (6%) in 
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the Khobar bombing was substantially lower than in the 
Murrah bombing (33%)'° or the Beirut bombing (22%).'°~'® 

The types of injuries were consistent with numerous 
other bombing reports; the majority of injuries were treated 
on an outpatient basis and resulted from secondary blast 
effects.°°°' Unlike most civilian populations, this military 
population had been prepared for mass casualty incidents 
before deploying from the United States. All of the military 
members were trained to administer immediate self-treat- 
ment, self-triage, and first aid/buddy care. Over one-third 
(39%) of injured persons received this level of treatment. 
Urban terrorist attacks with improvised explosive devices 
such as this one are in a unique middle ground between 
military combat injuries and the civilian trauma experience. 
Efforts to enhance preventive countermeasures and to en- 
hance response effectiveness will be improved by a collabo- 
rative approach from both the military and civilian research 
communities. Features of this event that are similar to the 
military experience include high lethality in those close to the 
blast; potential delayed evacuation and access to definitive 
surgical care due to difficulty in extrication from building 
debris; and the high prevalence of central nervous system 
injury and exsanguinating hemorrhage. Control of airway and 
hemorrhage may have prevented three deaths, but limitations 
in the study methodology did not disclose the time elapsed 
before casualties were located and extracted from building 
debris. 

Injury distribution in those fatally injured was remark- 
ably similar to those described by Bellamy et al. in the 
Wound Data and Munitions Effectiveness Team (WDMET) 
database of combat injuries in Vietnam,-~~* with several 
important exceptions. Injuries in this urban blast event were 
all from low velocity secondary blast fragments that caused 
both blunt, crushing and penetrating injuries, in contrast to 
the penetrating combat injuries caused by high velocity mis- 
siles (23% of WDMET injuries).** 

The charge of the bomb detonated at the Khobar Towers 
was five times larger than the device used in the Murrah 
bombing (4800 pounds of ammonium nitrate soaked in fuel 
oil,”> or 3900 pounds TNT equivalent); however, the death 
rate was nearly one-fifth that of the Murrah bombing (5% and 
22%, respectively). The Murrah bombing was more deadly 
primarily because a major portion of the building collapsed, 
which is commonly associated with high casualty rates.*°-7* 
Progressive collapse is defined as the local collapse of one 
area of a building that results in further collapse that is out of 
proportion to the initial event. In the Murrah building, local 
collapse of one column resulted in collapse of nearly 50% of 
the building. In contrast, building 131 sustained severe struc- 
tural damage without major collapse; while there was some 
local collapse, it did not spread to other parts of the building. 
Most of the Khobar Towers deaths were a result of secondary 
blast injury, i.e., the blunt trauma from the secondary frag- 
mentation of the building’s concrete wall. Primary blast in- 
juries (caused directly by the blast shockwave) were unlikely 
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since the explosive device was offset from the building a total 
distance of 80 feet (60 feet outside the 20-foot perimeter). It 
was not possible to clearly separate secondary blast injuries 
from tertiary blast injuries of whole body displacement and 
impact, which cause acceleration/deceleration injuries. There 
was a brief warning before the explosion that allowed occu- 
pants to begin evacuating. Explosive displacement and partial 
building evacuation may have saved lives, yet the injury 
patterns of several casualties suggest that, like many combat 
injuries, loss of life might have been prevented with prompt 
evacuation and immediate access to definitive surgical care. 

Another factor that may have contributed to the injury 
patterns was the lack of non-structural building components 
in Khobar Towers. Easily damaged ceiling components and 
overhead utilities, as well as interior partition walls, which 
are common in U.S. office buildings, were non-existent in the 
Khobar Towers buildings. The walls and floors were con- 
structed of reinforced concrete, which requires significant 
blast pressures before damage occurs. In the Murrah bomb- 
ing, ceiling materials (tiles, metal grids, ducts, and light 
fixtures) alone caused 6% of the injuries,”’ whereas ceiling 
materials were rarely cited in the Khobar Towers study (<1% 
of injuries). Additionally, Khobar Towers bombing survivors 
sustained fewer injuries to the head/neck/face region than 
Murrah bombing survivors (22% and 39%, respectively), 
which may have been due to the lack of overhead utilities. 

The extensive glass fragmentation, especially from win- 
dows and patio doors, characterized the types and patterns of 
injuries that resulted from this bombing. Nearly all patio 
doors assessed within 1000 feet of the explosion were 
broken.® Further, 60% of all non-fatal injuries and one death 
were caused by glass. In comparison, substantially fewer 
direct injuries (29%) were caused by glass in the Murrah 
bombing.”’ The proportionally higher number of glass inju- 
ries may in part be due to the population-based survey meth- 
odology that did not limit the study population to individuals 
located within a certain damage threshold; all persons ex- 
posed to the blast including individuals in areas where glass 
breakage may have been the only damage sustained were 
included. Additionally, it was a nighttime attack and many 
evacuees were in bed and barefoot, making them more vul- 
nerable to glass injuries to the feet. 

Despite the lack of timely data collection and incomplete 
information about search and rescue activities, the systematic 
data collection process described herein and detailed infor- 
mation about building construction allow valuable character- 
ization of various microenvironments. In one suite of rooms 
on the first floor of building 131, three persons who were in 
the living room where there was a glass patio door were 
fatally injured by low velocity glass and wood fragments, 
while a fourth service member just 15 feet away in an adja- 
cent bedroom survived and escaped with minor injuries. 

Geopolitical changes over the past 10 years have led to 
the reduced likelihood of large-scale state-sponsored military 
conflicts. Instead, the risk has increased for isolated attacks of 
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vulnerable populations. This has led to the ubiquitous need to 
consider security factors and susceptibility to small, portable 
explosives in any commercial, transportation, governmental, 
or military facility in most of the world. Identification of the 
most favorable construction materials and building occu- 
pancy patterns requires evidence-based recommendations, 
since many of these changes may require significant expen- 
diture of funds. For example, the extent of glass-related 
injuries reported here and in the Murrah bombing,*° suggests 
that blast-resistant glazing or other measures to keep glass 
from becoming airborne projectiles would greatly reduce the 
overall number of injuries, including many severely disabling 
and life threatening lacerations. 

Preventing progressive collapse is imperative to prevent- 
ing fatal injuries. The design of the Khobar Towers buildings 
incorporated measures to reduce the likelihood of progressive 
collapse by using British building code which includes such 
provisions.*! The provisions in the British code were devel- 
oped in response to an accidental gas explosion in the Ronan 
Point apartment building in which the corner bay collapsed 
over the entire 22 story height following failure of one load 
bearing wall panel in the 18th story. At present, some U.S. 
government organizations (e.g. Department of Defense, De- 
partment of State, and General Services Administration) re- 
quire that measures to prevent progressive collapse be in- 
cluded in new buildings. Provisions have also been included 
in U.S. building codes in seismic areas. On a national level, 
prevention of progressive collapse is not always considered in 
the design of buildings. 

There are limitations to the data. An accurate registry of 
persons present in Dhahran at the time of the bombing did not 
exist. There was a delay of almost three years before the 
questionnaires were mailed. Also, study participants were 
non-randomly selected. Utilizing a self-administered ques- 
tionnaire allowed potential self-selection bias. Demographic 
characteristics were not included in the original personnel 
files; however, we were able to compare military Grade for 
responders and non-responders as a proxy for age and/or 
socioeconomic characteristics. We determined that propor- 
tionately more Technical Sergeants (E6), and Company 
Grade Officers (03) were represented among respondents, 
while proportionally fewer Airmen were represented among 
respondents. We estimate that Air Force personnel 22—35 
years of age were probably over-represented in the survey 
while personnel less than 22 years of age were probably 
underrepresented. Given the population that we were attempt- 
ing to reach (i.e. military and ex-military personnel) and the 
time frame of the study (i.e. three years after the event), the 
response rate is probably acceptable. 

The injury data were largely self-reported with the ex- 
ception of medical records data for the majority of inpatients 
and autopsy reports for all persons who died. As is the case 
in civilian disasters, medical documentation is often minimal 
and sometimes altogether lacking. In the Oklahoma City 
bombing injury assessment, multiple data collection methods 
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were utilized to identify the injured including a physicians’ 
survey, a newspaper survey, and a survivors’ survey 
(self-report).* With that in mind, we believe that the data are 
credible and provide valuable information. Treatment status 
categories (i.e. hospitalization, treated and released in the 
emergency department, treated in triage clinic or by private 
physician, no medical treatment or self-treatment) may not 
necessarily be equivalent to the civilian counterparts and 
length of hospitalization may not be reflective of injury se- 
verity because the military considers days in the medical 
evacuation system as inpatient hospitalization days. 

The investigation focused on physical outcomes, and did 
not address mental health outcomes due to concerns of the 
Air Force Institutional Review Board. Anecdotally, many 
respondents included written comments about the emotional 
trauma experienced and several questioned why no informa- 
tion was collected regarding this trauma. Among Murrah 
bombing survivors participating in a psychiatric study, 34.3% 
of participants (23% of male participants) met all criteria for 
a diagnosis of posttraumatic stress disorder (PTSD) following 
the bombing.** PTSD symptoms of intrusive distressing 
thoughts and hyperarousal** were common among almost all 
survivors, and 94% of persons who experienced the more rare 
avoidance and numbing symptoms were diagnosed with 
PTSD. Among Khobar Towers respondents, only a few re- 
quests were made to a toll-free hotline operated during the 
study for mental health referral. This may indicate that many 
of the respondents had dealt with the emotional trauma in 
such a way that they were able to continue to function, or it 
could indicate a reluctance to self-identify a persistent need 
for help. The military routinely provides critical incident 
stress management sessions for groups who have been ex- 
posed to emotionally traumatic events; several such sessions 
were held in both Dhahran and at home bases for personnel.** 
Further efforts in critical incident stress management should 
include resilience training for occupational groups at high 
risk of exposure to a traumatic event, and should include 
initial training in coping skills. Additionally, population- 
based screening methods should be developed to identify 
individuals at increased risk for adverse emotional outcomes 
and provide those individuals with preventive counseling.*” 
In contrast to the concern that evoking memories of this type 
of emotional trauma may be risky, 73% of respondents pro- 
vided names and consented to be contacted for further infor- 
mation, indicating that the majority of persons may have 
received benefit from contributing their information to help 
reduce the likelihood of such an incident in the future. 

An epidemiologic approach to injury data collection and 
analysis allows for more detailed characterization of injuries 
and likely mechanisms that goes beyond the usual crude data 
that describes the low intensity end of the spectrum of con- 
ventional warfare.” As terrorist attacks using improvised 
explosive devices become more frequent among civilian and 
military populations, it is important that systematic, timely 
injury assessments be carried out. Standardized (to the extent 


214 


possible) methodology will permit comparison of injury pat- 
terns from many incidents, improving the fidelity of injury 
prediction models and allowing earlier and better identifica- 
tion of mitigation opportunities. A terrorist blast injury reg- 
istry, perhaps maintained at the Oklahoma National Memo- 
rial Institute for the Prevention of Terrorism, with close ties 
to the Combat Casualty Care Institute of the Uniformed 
Services University of the Health Sciences, would improve 
access to these data for both military and civilian researchers. 
This research would be expected to benefit both military 
force protection and antiterrorism efforts and civilian home- 
land security. 
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